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1. BACKGROUND OF THE INVENTION 
1 . 1 Field of the Invention 

The present invention relates to the field of molecular biology. More specifically, 
it concerns methods for the incorporation of foreign DNA into the genome of 
5 monocotyledonous plants, and in particular, wheat. Provided herein are reproducible 
systems for genetically transforming wheat, methods of selecting stable genetic 
transformants from suspensions of transformed cells, and methods of producing fertile 
plants from the transformed ceils. Exemplary methods include the of Agrobacterium- 
mediated transformation to introduce nucleic acids into cells, and selectable and/or 
10 ^ screenable marker systems, for example, genes which confer resistance (e.g.. antibiotic, 
herbicide, etc.X or which contain an otherwise pheno typically observable trait. In other 
aspects, the invention relates to the production of stably transfomied and fertile wheat 
plants, gametes and offspring from these plants. 

IS 1.2 Description of the Related Art 

The entire text of U.S. patent application SN 08/329,742 filed October 26, 1994 is 
hereby incorporated by reference in its entirety. During the past decade, it has become 
possible to transfer genes from a wide range of organisms to crop plants by recombinant 
DNA technology. This advance has provided enormous opportunities to improve plant 

20 resistance to pests, diseases and herbicides, and to modify biosynthetic processes to 
change the quality of plant products (Knutson et aL, 1992; Piorer et aLy 1992; Vasil et ai, 
1992). However, the availability of an efficient transformation method to introduce 
foreign DNA has been a substantial barrier for most monocot species, including maize, 
rice, oat, barley, and particularly wheat. 

25 

1.2.1 Available Methods for Transforming Monocotyledonous Plants 

There have been many methods attempted for the transformation of 
monocotyledonous plants but only a few methods have resulted in stable transformation. 
Two methods are currently employed for most transgenic studies in monocot species: 
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direct DNA trarisfer into isolated protoplasts and microprojectiic-mediated DNA delivery 
(Shimamoto e, ai, 1989; Fromm et oL, 1990). More recenUy. additional methods have 
also been .developed for use in monocots. Following is a brief descripUon of the methods 
that have resulted in stably transformed and fertUe monocots capable of l«nsfemng genes 
5 to their progeny in a Mendelian feshion. 

1^.1.1 .Biolistics 

"Biolistics" is most widely used transformation method for monocotyledons. In the 
"biolistics" method microprojectile particles are coated with DNA and accelerated by a 
10 . mechanical device to a speed high enough to penetrate the plant cell wall and nucleus Gnti 
Pat Appl. Publ. No. WO 91/02071). H^e foreign DNA gets inconx>mted into the host 
DNA and results in a transfonned cell. n,ere are many variations on the "biolistics" 
method (Sanford. 1990; Fromm et ai, 1990; Christou et al., 1988; Sautter et al., 1991). 
This method has been successfiUly used to produce stably tomsfonned monocotyiedonous 
15 plants including rice, maize, wheat, barley, and oats (Christou et oL, 1991; Gordon-Kamn, 
etaL 1990; Vasil etal., 1992. 1993; Wan etal., 1993; Sommerse/a/.. 1992). 

The micropiojectae-mcdiated DNA delivery method may use immature embryos 
or immature embryo derived calU as target tissues. Tiansgenic plants have been 
recovered fiom the microprojectile bombardment method in maize, oat. barley and wheat 

20 (Gordon.Kamm*/a/..1990;Somersera/..1992;Wane/a/.. 1994; Vasile/a/.. 1992). 

The microprojectile bombardmem method generally takes 10 to 15 months to 
obtain transgenic plants (Goidon-Kamm et al., 1990; Vasil et al., 1992). Even with the 
more recent improvements in transformation methods using immature embryos as target 
tissues, it still requires 4 to 6 months to recover transgenic plants (Weeks et al 1993- 

25 Vasil et al., 1992; 1993; Becker et al., 1994). TTie tiansfonnation fiequency by thesJ 
methods is variable ranging from about one evem from 100 to 1000 bombarded embryos. 
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1.2.1.2 EleclroporatioD 

The protoplast methods have been widely used in rice, where DNA is delivered to 
the protoplasts through liposomes, PEG. and electroporation. While a large number of 
transgenic plants have been recovered in several laboratories (Shimamoto et ai, 1989; 
5 Datta et aL, 1990), the protoplast methods reqiiire the estabUshment of long-term 
embryogenic suspension cultures. Some regenerants from protoplasts are infertile and 
phenotypically abnormal due to the long-term suspension culture (Davey et al, 1991; 
Rhodes et al^ 1988). These procedures have been especially useful for rice and some 
grasses. 

10 ^ Transformation by electroporation involves the application of short, high voltage 

electric fields to create "pores" in the cell membrane through which DNA is taken-up. This 
method has been used to produce stably transformed monocotyledon plants, (Pasazkowski 
et al., 1985; Shillito et al, 1985; Fromm et al,, 1986) especially from rice (Shimamoto et 
al, 1992; DattacM/., 1990, 1992; Hayakawafera/., 1992). 

15 

1.2.1.3 Chemical Treatment of Protoplasts 

The polyethylene glycol (PEG) method is simply a chemical treatment m the 
presence of the protoplasts and the DNA (Shillito et al, 1985; Rhodes et al, 1988). The 
PEG facilitate the uptake of the DNA. 

20 

1.2.1.4 Other Methods 

A number of other methods have been reported for the transformation of 
monocotyledon plants. The methods reported to produce fertile transgenic monocotyledon 
plants include the "pollen tube method" (Intl. Pat Appl. Publ. No. WO 93/18168; Zahir, 
25 1993, Luo and Wu, 1988) and macro-injection of DNA into floral tillers (Du et al, 1989; 
Picard et al, 1988; De la Pena et al, 1987) and tissue incubation of seeds in DNA solutions 
(Tofer et al, 1989). Direct injection of exogenous DNA into the endosperm of a fertilized 
plant ovule at the onset of embryogenesis was disclosed in Intl. Pat. Appl. Publ. No. WO 
94/00583. Besides the protoplast and the biolistics methods of transformation other 
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methods are not reproducible or predictable. There is usually evidence of expression but 
seldom is the DNA transmitted to the progeny. 

13 Deficiencies in the Prior Art 
5 The one important area where there has been little significant progress in the art has 

been the adaptation of bacterial-mediated methods of transformation in monocots. . While 
widely useful in dicotyledonous plants, i^^otoc/enum-mediated gene transfer has been 
disappomting v/hcn adapted to use in monocots. There are several reports in the literature 

r claiming Agrobacterium transformation of monocotyledons which are discussed in Intl. Pat. 

10 Appl. Publ. No. WO 94/0077. These are specifically the methods of Gould et al, 1991; 
Mooney e/ ai, 1991; and Raineri et al, 1990, which claim Agrobacterium transformation 
of maize, rice and wheat. There is some evidence of gene transfer in these methods but they 
lack convincing evidence for transfer eCRciency, reproducibility, and confirmation of gene 
transfer (Potrykus, 4990), and lack of transfer to the progeny when plants are produced. In 

15 the work of Gould where evidence of transformed plants was presented there was no 
Mendelian inheritance of the genes. 

De LaFonteyne et al (Intl. Pat. Appl. Publ. No. WO 92/06205) described a process 
for the transformation of maize cells using A, tumefaciens strains in combination with a 
transposon-mediated integration method, but the success of such methods in other species 

20 was not demonstrated. 

Mooney et al (1991) produced transformed cells from wheat embryos co- 
cultivated with A. tumefaciens but the frequency of transformation was very low and 
often unreproducible. Chan et al (1993) subsequently attempted to produce transgenic 
rice plants using A, tumefaciens, but their methods have not been widely accepted owing 

25 to a lack of sufficient molecular and genetic evidence of transgenic plant production. 

More recent attempts by Hiei et al (1994) suggested that transgenic rice plants 
could be obtained following A. tumefaciens transformation, but that the particular 
bacterial strains used and the choice of bacterial vectors were critical for successfully 
obtaining transgenes. A recent paper by Ishida et al (1996) indicated a high-efficiency 



wo 97/48814 



PCT/US97/10621 



transformation of maize was possible by co-culture of immature embryos with A. 
iumefaciens. In both reports on rice and the maize traxisfomiation, a super binary vector 
pTOK233 containing the virB, virC and virG genes was used to achieve high-efficiency 
transformation. A recent report by Saito et ai (InU. Pat Appi. Publ. No. WO 95/06722) 
discloses a method of transfonning monocotyledons using scutellum of non- 
dedifferentiated immature embryos using A. tumefaciens. 

Despite the fact that wheat is the most widely-grown cereal crop in the world, 
unfortunately no convincing reports exist on the use of Agrobacterium transformation 
methods in the preparation of stable, fertile wheat transgenic plants. Likewise, no methods 
^ have been developed using immature cmbiyonic or callus tissues for stable, high-lfrequency 
transformation of wheat. Therefore, what is lacking in the prior art is an Agrobacterium- 
mediated method for preparing fertile, transgenic wheat plants. 

2. SUMMARY OF THE INVENTION 

The present invention seeks to overcome these and other inherent deficiencies in 
the prior art by providing novel processes for the stable transformation of 
monocotyledonous plants, and in particular, wheat, using i4^o6ac/mi/m-mediated 
methods. 

It is therefore a particular object of the present invention to provide techniques 
that will allow one to prepare transgenic, fertile wheat which are preferably diploid and 
which have been stably transformed through the introduction of one or more desired 
genes into the genome of these species. 

The present invention thus relates generally to methods for the production of 
transgenic wheat plants. As used herein, the term transgenic plants is intended to refer to 
plants that have incorporated exogenous genes or DNA sequences, including but not 
limited to genes or DNA sequences which arc perhaps not normally present, genes not 
normally transcribed and translated ("expressed") in a given cell type, or any other genes 
or DNA sequences which one desires to introduce into the non-transformed plant, such as 
genes which may normally be present in the non-transformed plant but which one desires 
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to have altered expression. . 

The present invention can be used with any plant species. It is particulariy useful 
for monocot species. More particularly, it is useful in plant species which cannot remain 
in a callus state for long periods of time without losing the ability to regenerate. One 
5 particularly usefU species in the present invention is wheat. Preferred species include 
, Triticum aestivum, T. turgidum and T. monococum wheat, with T. destivum being 
particularly preferred. The present invention, when applied to wheat, has the advantage 
of being genotype independent. That is. it can be used with any type of wheat variety," 
including both winter and spring wheat. It can be used to produce transgenic wheai 
10 , plants from spring cultivars. such as, for example. Bobwhite and Marshall PAVOTl, 
UC702, and Panewawa as well as winter cultivarj. such as, for example. HY368. Nceley.' 
FL302. RH91, R332, RI269 and R585. 

The present invenUon is used to introduce foreign DNA into regenerable plant 
tissue. Any type of foreign DNA can be inserted into the plant sp^ies using the method 
15 of the presem invention. Generally, "foreign DNA" can be defined to include any type of 
DNA which is inserted into a plant cell from outside the plant cell. Methods for inserting 
cloned DNA into suitable plasmid constructs, and manipulation of appropriate 
Agrobacterium delivery strains are generally well known. 

The type of DNA included in the foreign DNA can include DNA which already is 
20 present in the plant cell. DNA from another plant. DNA from a different organism, or a 
DNA generated externally, such as a DNA sequence containing an anti-sense message of 
a plant gene, or a DNA sequence encoding a synthetic version of a gene where the 
nucleotide sequence has been modified. 

In a preferred embodimem, Agrobacterium tumefaciens C58. anopaline strain is 
25 used to mediate the transfer of DNA into a wheat cell. Other preferred strains for use in 
the practice of the invention include octopine strains, LBA4404 or agro pine strains, e.g.. 
EHAlOl orEHAlGS. 

In preferred embodiments, the foreign DNA contains a DNA sequence which can 
function in a regenerable plant tissue as a selection device. Such DNA can include a gene 

-7- 
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which would function in a regenerable plant tissue to produce a compound which would 
confer upon the plant tissue resistance to an otherwise toxic compound. These genes arc 
well known in the art and can confer resistance to compounds such as antibiotics like 
kanamycin (Dekeyser ei ai, 1989), and herbicides like glyphosaie (Della-Cioppa et al, 
5 1987 and bialaphos (Vasil et al, 1992). Other selection devices can be used within "the 
scope of the present invention. Such genes include those for CP4, BAR, hygromycin, 
phosphotransferase (NPT) and dihydxofolate reductase (dhfr). 

In one embodiment, a method is disclosed for producing a transgenic wheat plant. 
The method involves in a general sense, establishing a culture from a wheat plant to be 
10 ^ Uansformed, transforming the culture with an Agrobacterium comprising a DNA 
composition that includes a genetic component one desires to introduce into the wheat 
genome, identifying or selecting a transformed cell line, and regenerating a transgenic 
wheat plant therefrom. 

In another important embodiment, the invention provides a method for producing 
15 a fertile transgenic wheat plant. The process involves establishing a regenerable culture 
from a wheat plant to be transformed, introducing a DNA composition comprising a 
genetic component one desires to introduce into the genome of said wheat plant, by 
Agrobacterium transformation, identifying or selecting a transformed cell line; and 
regenerating a fertile transgenic wheat plant from the transformed cell line. The DNA is 
20 transmitted through a complete sexual cycle of the transgenic plant to its progeny, and the 
progeny contain a stable, chromosomally-mtegrated copy of the selectable or screenable 
marker gene which was transformed into the parent via Agrobacterium transformation. 

In these embodiments, the DNA composition comprises a plasmid, and 
particularly a recombinant plasmid such as pMON18365 which contains an nptW gene. 
25 Other genes of interest include selectable or screenable marker genes such as e.^., any of 
those described herein, including GUS, green fluorescent protein (GFP), luciferase 
(LUX), CP4 and npiW genes. Examples of transposons and associated antibiotic 
resistance genes include the transposons Tns (6/a), Tn5 (np/Il), Tn7 {dhfr\ penicillins, 
kanamycin (and neomycin, G418, bleomycin); methotrexate (and trimethoprim); 
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chloramphenicol; kanamycin and tetracycline. 

Characteristics useful for selectable markers in plants have been outlined in a 
report on the use of microorganisms (Advisory Conunittee on Novel Foods and 
Processes, July 1994). These include i) stringent selection with minimum number of 
5 nontransformed tissues; ii) large numbers of independent transformation events with no 
significant interference with the regeneration; iii) application to a large number of 
species; and iv) availability of an assay to score the tissues for presence of the marker. 
As mentioned, several antibiotic resistance markers satisfy these criteria, including those 
resistant to kanamycin (nptU) hygromycin B (aphW) and gentamicin (aacC3 and aacCA). 
10 ^ A more complete description and list is included in Table 1. 
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TABLE 1 



Type 



Examples 



Aminoglycoside antibiotics 

1) phosphotransferase ea^mes (APH) 

2) adenyltransferase enzymes (AAD) 

3) acetyltransferases (AAC) 



Chloramphenicol 

chloramphenicol acetyl transferase (CAT) 
P'Lactam antibiotics 

P-lactamase 
2,4-Diaminppteridones dihydrofolate reductase 
Glycopeptides 
Pyridone carboxylic acids 

DNA gyrase 
Rifamycins 

resistant RNA polymerase 
Macrolides 

SOS subunit methylation 

Tetracyclines 

bind to S4 and SI 8 proteins of 70S ribosome 
subunit 



APH (3')n 

APmv 

ADD (3") 
AAC(3)-I 
AAC(3HII 
AAC(3>IV 



TEM- 1 -p-lactamase 

TN5-bleomycin 
nalidixic acid resistance 

rifamycin resistance 

erythromycin resistance 

excretes antibiotic from cell 



Alternatives to antibiotic resistance markers have been developed for plants 
(Advisory Conmiittee on Novel Foods and Processes, July 1994). These include metal 
tolerance markers, completation systems with auxotrophic markers, sugar catabolism 
markers, L-canavanine resistance markers and markers for resistance to lysine and 

-10- 
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threonine and S-aminoethyl L-cysteine. Examples and additional description are shown 
in Table 2. 



TABLE 2 



Marker 



Example 



Herbicide resistance 



Metal tolerance 



Resistance to lysine and threonine and to 
s-aminoethyl L-cysteine 



herbicide resistance can be used as a 
selectable marker in plants e.g.^ tolerance to 
glyphosate and bromoynil 
metal tolerance, through insertion of a 
mammalian metallothionein gene 
two of the enzymes of the aspartate family 
biosynthetic pathway, which is regulated 
by several feedback inhibition loops, have 
been developed as selectable markers; 
asparatate kinase (AK) activity is inhibited 
by millimolar concentrations of lysine and 
threonine (LT); dihydrodipicoline synthase 
(DHPS) activity is inhibited by lysine and 
leads to sensitivity to the toxic lysine 
analogue, S-aminoethyl L-cysteine (AEC); 
transgeneic plants containing E, colt genes 
for expression of AK and DHPS can be 
grown on media containing LT and AEC 
respectively. 



Scorable markers may also be used in plants as alternatives to antibiotic resistance 
markers. Such markers are used to detect the presence or to measure the level of 
expression of the transferred gene. The use of scorable markers in plants to identify or 
tag genetically modified cells works well only when efficiency of modification of the cell 

-11- 
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is high. Some of the more commonly employed scorable markers include 
bela-glucuronidase (GUS), whose expression is detected by a blue color on incubation of 
the tissue with 5-bromo-4-chloro-3-indolyH-glucuronide; bacterial lucifcrase (LUX) 
whose expression is detected by light emission; firefly luciferase (LUC) whose 
5 expression is detected by light emission after incubation with luciferin; and 
p-galactosidase whose expression is detected by a bright blue color after the tissue is 
stained ^th 5-bromo-4-chloro-3-mdoiyl-p-D-galactopyranoside. 

Prefened cells for practice of these methods include immature embryos, callus 
tissues, or suspension cells, and a preferred Agrobacterium species for tiansformition is 
10 ^ A. tumefaciens. with strains such as C58 LBA4404 and EHAlOl being particularly 
preferred. 

The embryos to be transformed may either be freshly isolated from an immature 
caryopsis or isolated from an inmiature caryopsis and then prc-treated. The isolation of 
the immature embryo from the immature caryopsis may occur on the same day of 

15 inoculation, or alternatively, one, two, five, or even more days prior to inoculation. 
Likewise, the callus tissue may be isolated from an inunature embryo or from non- 
embryonic plant cells. The embryo may be injured prior to transformation. The embryo 
or caryopsis may be one that is 2 or more days after anthesis, and when suspension cells 
are used, they may be cultures of individual cells or, alternatively, cell clusters. 

20 The DNA to be transformed is preferably a recombinant plasmid, as described 

herein, and may comprise one or more promoters and/or 3' and/or y regions operatively 
linked to the particular genetic components to be transformed. Promoters such as CaMV 
35S FMV, ubiquitin, rice actin or enhanced CaMV 35S promoters are particularly 
preferred. 

25 When desirable, the plants derived from the transformation may be grown and 

progeny obtained. These progeny may be used to prepare transgenic seeds, or 
alternatively, bred with a second transgenic wheat plant to prepare a fertile, transgenic 
wheat plant that comprises one or more transgenes of interest. The seeds obtained from 
such progeny may be germinated, cultivated, and used to prepare subsequent generations 

-12- 
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of transgenic offspring which comprise the transgene originally transformed in the 
parental line. 

In one embodiment of the present invention, an immature embryo from a plant is 
used as a starting material. Immature embryos can be produced using known method 
5 described in the art. For instance, the production of wheat inmiaturc embryos is 
described by Weeks etai (1993) and Vasil eiai (1993). 

In another preferred embodiment of the present invention, the rcgencrable plant 
tissues are calli. The preferred caJIi are embryogenic calli. Embryogenic calli are 
produced firom immature embryos. Tliese calli can be produced by isolating and 
10 ^ culturing immature embryos on a nutrient media with carbohydrate and plant growth 
regulators. In the preferred embodiment of the present invention, when producing 
embryogenic calli from wheat, the elimination of embryo axis as described by Nehra et 
aL, (1994) is not necessary. 

Callus-producing mediunvare well known in the-art and any culture medium or 
15 preparation method can be used. In the preferred embodiment, where wheat calli are 
prepared, a wheat immature embryo is cultured for 1 day up to one month, preferably for 
4 to 7 days, on a modified MS medium comprising about 40 g/1 maltose and about 2 mg/1 
2,4-D. In another embodiment, the 2,4-D can be replaced by a combination of 0.5 mg/1 
2,4-D and 2.2 mg/1 pichloram (Chemservice). The medium is solidified by 2 g/1 Gelrite® 
20 (Sigma Chemical, St. Louis, MQ; or 4 g/1 low-melting agarose. 

After transformation, the regenerable plant tissue is placed in a medium capable 
of producing shoots from the regenerable tissue where the medium further contains a 
compound used to select regenerable tissue containing the selectable DNA sequences. 
This is in contrast to the prior art where regenerable plant tissue is generally subjected 
25 first to an extended period of selection prior to exposure of the regenerable tissue to a 
medium capable for producing shoots. 

The mediimi used in this step can be any medium which permits the formation of 
shoots from the regenerable tissue. In one embodiment, a shoot-producing compound is 
added to the medium. These shoot-producing compounds are well known in the art 

-13- 
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10 



(Mursahige and Skoog, 1962; Kasha et al., 1990). Such compounds include weak plant 
growth regulators and include lAA, IBA, and BA at low concentrations (Becker et al., 
1994; Vasil ei al., 1992). In another embodiment of the invention, a medium free of a 
plant growth regulator can be used to induce shoot fonnation (Weeks et al., 1 993). 

In a preferred embodiment, where an embiyogenic wheat callus is to be 
regenerated, the medium comprises a modified MS medium with 0.2 mg/1 2,4-D 
(Murashige and Skoog, 1962; Wan and Lemaux, 1 994). 

The regenerable plant tissue is generally placed in this medium as quickly as 
possible in the present invention after transfomiation. Generally, tHis can range from 
about 1 day to about three weeks, but preferably from about 1 day to about two weeks, 
more preferably from about two to about three weeks. Most preferably the tissue is 
transferred to this medium from about one week to about two weeks after transformation. 
In most instance, the transfer will occur between about 5 and about 1 1 days. 

The compound used to select regenerable tissue containing the selectable DNA 
15 sequences can be any of a variety of well known selection compounds, such as antibiotics 
and herbicides. Preferred compounds can include gcneticin (G-418) (aminoglycoside) 
(Nehra et al., 1994), glyphosate (Della-Cioppa et al. 1987) and bialaphos (Vasil et al., 
1992; Weeks era/., 1993). 

The availability of alternative selection agents is an important requirement for 
20 commercial application of agriculture biotechnology. The use of kanamycin has been 
less successfixl for cereal crops because of the high endogenous level of tolerance 
(Dekeyser et al., 1989). Bialaphos has been widely used as a selection agent in cereal 
crop transformation (Weeks et al., 1993; Vasil et al., 1993; Becker et al, 1994; Nehra et 
al., 1994; Wan and Lemaux, 1994). However, it could potentially be a disaster to 
25 exclusively use genes encoding bialaphos resistance as a selectable marker in all 
transformation studies Other selectable markers are needed and the results demonstrate 
that the herein described rapid regeneration system works well with different selection 
agents. 

After shoots have formed the shoots are transferred to a second medium capable 
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of producing roots form said shoots. This medium can further contain a compound used 
to select regenerable tissue containing the selectable DNA sequences. Transfer to this 
medium occurs when sufTicient shoots have developed, a generally known in the art. 
This occurs^ for wheat, within 25 to 40 days after transformation. 
5 The medium capable of producing roots can be any root producing medium. 

These mediums are well known in the art (Weeks et al, 1993; Vasil et al, 1992). One 
prefened root*producing medium is a modified MS medium without any plant growth 
regulator (Murashige and Skoog, 1962; Zhou etai^ 1992). 

Once roots have been formed, the plants can then be transferred to soil and grown 
10 ^ following methods known in the art to produce seeds. 

The present invention discloses a reproducible efTicient Agrobacterium method 
for transforming monocotyledons, especially wheat and com with a conventional binary 
vector commonly used for transformation of dicotyledons. The invention provides a 
rapid and efficient Agrobacterium transformation and regeneration system, especially 
15 useful for the transformation of wheat and com. Plants regenerated from this system are 
phenotypically nomial and f\x\\y fertile. The transgenes are transmitted to Rl progeny in 
a Mendeiian fashion. 

In a preferred embodiment, the present invention provides a rapid and efficient 
transformation system for wheat using freshly isolated immature embryos, pre-cultured 
20 embryos and proliferated calli from inmiature embryos. The new transformation system 
takes about three months to obtain transgenic plants, and transformation frequencies with 
the novel methods disclosed herein are reproducibly 0.3 to 4.3%. 

In a general sense, the present invention provides a method for producing a 
transformed monocotyledonous plant which contains exogenous DNA. Such a method 
25 generally involves isolating regenerable tissue from the plant, transferring into the 
regenerable tissue the foreign DNA by a 1 to 3 hour inoculation of the regenerable tissue 
with the Agrobacterium and co-culture of the plant tissue with the Agrobacterium for 2-3 
days. Typically the foreign DNA to be inserted into the plant genome comprises a 
selectable marker DNA sequence, where the sequence can function in a regenerable tissue 
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as a selection device: The cells are then grown from between about 2 day to about 5 days 
on callus medium containing antibiotics to kill the Agrobacterium. and approximately i 
to 2 weeks later, the regenerable tissue is placed in a medium capable of producing shoots 
from the tissue. This medium further contains a compound used to select regenerable 
5 tissue containing the selectable DNA sequences; and after at least one shoot has formed, 
the shoot is typically transferred to a second medium capable of producing roots from the 
shoot. 

• <> 

22 Exogenous Genes 

10 ^ An aspect of the invention relates generally to transgenic plants which express one 

or more exogenous genes transformed vte A. tumefaciens. As used herein, the term 
"transgenic plants" is intended to refer to plants that have incoiporated DNA sequences, 
including but not limited to genes which are perhaps not normally present, DNA 
sequences not normally transcribed into RNA or translated into a protein ("expressed"), 

15 or any other genes or DNA sequences which one desires to introduce into the non- 
transformed plant, such as genes which may normally be present in the non-transformed 
plant but which one desires to either genetically engineer or to have altered expression. It 
is contemplated that in some instances the genome of transgenic plants of the present 
invention will have been augmented through the stable introduction of the transgene. 

20 However, in other instances, the introduced gene will replace an endogenous sequence. 

Exemplary genes which may be introduced include, for example, DNA sequences 
or genes from another species, or even genes or sequences which originate with or are 
present in the same species, but are incorporated into recipient cells by genetic 
engineering methods rather than classical reproduction or breeding techniques. However, 

25 the term exogenous, is also intended to refer to genes which arc not normally present in 
the cell being transformed, or perhaps simply not present in the form, structure, etc., as 
found in the transforming DNA segment or gene, or genes which are normally present yet 
which one desires, e.g., to have over-expressed. Thus, the term "exogenous" gene or 
DNA is intended to refer to any gene or DNA segment that is introduced into a recipient 
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cell, regardless of whether a similar gene may already be present in such a cell. 

An initial step in the production of fertile transgenic plants is the obtaining of a 
DNA composition, e.g., vectors, plasmids, linear DNA fragments, and the like, a 
component of which is to be delivered to recipient monocotyledonous cells. DNA 
5 segments for use in transforming such cells will, of course, generally comprise the gene 
or genes which one desires to introduce into the cells. These genes can further include 
structures such as promoters, enhancers, poly linkers, or even regulatory genes as desired. 

Vectors, plasmids, cosmids, YACs (yeast artificial chromosomes) and DNA 
segments for use in transforming such cells will, of course, generally comprise the either 
10^ cDNA, gene or gene sequences which one desires to transform into the 
monocotyledonous plants. These DNA constructs can further include structures such as 
promoters, enhancers, polylinkers, or even regulatory genes as desired. The DNA 
segment or gene may encode either a native or modified protein or polypeptide, which 
will be expressed in the resultant recombinant cells, and/or which will impart an 
15 improved phenotype to the regenerated plant 

In order to improve the ability to identify transformants, one may desire to 
employ a selectable or screenable marker gene as, or in addition to, the expressible gene 
of interest. Marker genes code for phenotypes that allow cells which express the marker 
gene to be distinguished from cells that do not have the marker. Such genes may encode 
20 either a selectable or screenable marker, depending on whether the marker confers a trait 
which one can select for by chemical means, /.e., through the use of a selective agent 
{e.g., a herbicide, antibiotic, or the like). Many examples of suitable marker genes are 
known in the art and may be employed in the practice of the invention. 

Selectable markers for use in connection with the present invention include but 
25 are not limited to an nptU gene; a bar gene which codes for bialaphos resistance; a mutax;^ 
EPSP synthase gene which encodes glyphosate resistance; a nitrilase gene which confers 
resistance to bromoxynil; a mutant acetolactate synthase gene (ALS) which confers 
imidazolinone or sulphonylurea resistance; or a methotrexate resistant DHFR gene. 

Exemplary screenable markers include a P-glucuronidase or uidA gene (GUS) 
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which encodes an enzyme for which various chromogenic substrates are known; a p- 
lactamase gene, a luciferase gene, a xylE gene, an a-amylase gene; a tyrosinase gene, an 
a-galactosidase, or any such suitable screenable marker which is known to those of skill 
in the art 

5 In light of this disclosure, numerous other possible selectable and/or screenable 

marker genes will be apparent to those of skill in the art. TTierefore, the foregoing 
discussion is intended to be exemplary rather than exhaustive. Although the present 
disclosure is exemplified in detail through the use of the npill and GUS genes, the 
applicable techniques for making and usitig any other screenable or selectable marker 

10 gene will be within the skill in the art in light of the present disclosure. 

The choice of the particular DNA segments to be delivered to the recipient cells 
will often depend on the purpose of the transformation. One of the major purposes of 
transformation of crop plants is to add some commercially desirable, agronomically 
important traits to the plant. Such traits include, but are not limited to, herbicide 

15 resistance, increased yields, insect and disease resistance, physical appearance, food 
content and makeup, eta For example, one may desire to incorporate one or more genes 
encodmg insecticidal genes which can be introduced includes the Bacillus thuringiensis 
crystal toxin gene, which provides resistance to Lepidopteran and Coleopteran insects. 
Such genes are well-known to those of skill in the art and are contemplated to be useful in 

20 the practice of the transformation methods disclosed herein for monocotyledonous plants 
such as wheat. 

23 Transgenic Plants 

An important aspect of the present invention are compositions comprising fertile 
25 cultivated, transgenic wheat plants. In these plants, the genome has been augmented 
through the genomic introduction of a preselected genetic component, to give rise to a 
transgenic plant. The transgene generally comprises a genetic component which includes 
one or more exogenous genes positioned under the control of one or more preselected 
genetic control elements or promoters. Such a plant is preparable by the process 
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described herein which includes preparing a DNA composition in vitro which includes 
the genetic component one desires to introduce into the wheat genome, then introducing 
the DNA into recipient wheat cells by Agrobacterium transformation. The genetic 
component typically comprises one or more of the selectable or screenable genes 
5 described above. Following transformation, wheat plants are regenerated from the cells 
which received the exogenous gene(s) and resulting fertile, transgenic plants may be 
obtamed which have genomes augmented through the stable introduction of the genetic 
component 

In the process, the cells which are transformed may dedifferentiate,' or continue to 
10 be dedifferentiated and grow in a dedifferentiated state for a period of time before 
undergoing differentiation and maturation into a plantlet. In preferred embodiments, the 
recipient cells comprise immature embryos, callus tissues, or, alternatively, suspension 
cells. The embryos may be freshly isolated from an immature caryopsis or, alternatively, 
isolated from an immature caryopsis and then treated prior to inoculation. The immature 
15 embryo may be isolated from said immature caryopsis on the same day of inoculation, or 
alternatively, may be one or two, or five or 10 or even more days prior to inoculation. 
The embryo may be an embryo that is 1 or 2 or even more days after anthesis, or 
alternatively, the caryopsis may be 1 or 2 or even more days post-anthesis. 

When callus tissue is used as the recipient cells, the callus may be isolated from 
20 either an inunature embryo or from non-embryonic cells. In certain aspects, it may be 
desirable to injure the embryo prior to transformation which may promote transformation 
efficiency. 

Also disclosed is a fertile, transgenic wheat plant, whose genetic complement has 
been altered through the addition of a DNA composition comprising a preselected 
25 functional genetic element that includes a transgene selected from the group consisting of 
an nptW gene, a bla gene, a np/I, dhfi-, aphW, aacCi, aacCA gene, and a GUS gene. 
Particularly preferred are genes encoding glyphosate resistance, or an acceptable marker 
gene such as an nptW gene. 

Recipient cells may be co-transformed with more than one exogenous gene, and 
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under such circumstances, the exogenous genes may positioned on a single DNA 
segment, or alternatively, on one or more plasmids each under a different control element. 

Particularly preferred plasmids are recombinant plasmids such as pMON18365, 
PMON326I4. pMON30053, pMON25457, pMON30052 and pMON19450. The genes 
5 may be positioned under the control of a promoter such as a CaMV 35S, ubiquitin, rice 
actin or an enhanced CaMV 35S promoter. Where desirable, the DNA segments to be 
transformed may include additional 5' and/or 3' regions operatively linked to the genes. 

2.4 Transgenic Progeny, Seeds and Derived Cell Lines 

10 Other important aspects of the invention include the progeny of the transgenic 

plants prepared by the disclosed methods, as well as the cells derived from such progeny, 
and the seeds obtained from such progeny. 

3. BRIEF DESCRIPTION OF THE DRAWINGS 
15 The dravwngs form part of the present specification and are included to fiirthcr 

demonstrate certain aspects of the present invention. The invention may be better 
understood by reference to these drawings in combination with the detailed description of 
specific embodiments presented herein. 

20 FIG. 1 shows the structure of pMON18365 which is an example of the plasmid 

harbored in Agrobacterium that was used in this invention. In the T-DNA region, both GUS 
and r^tW. genes are driven by an enhanced 35S promoter and an intron maize HSP70 intron. 
The GUS gene also contains two introns. 

25 FIG. 2 shows the structure of pMONl 8364 which was used in the construction of 

PMON18365. 

FIG. 3 shows the structure of pMON 18342 which was used in the constmction of 
pMON1836S. 
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FIG. 4 shows the structure of pMON19476 which was used in the construction of 
pMON18365. 

5 FIG. 5 shows the structure of pMON18361 which was used in the constniction of 

pMON18365. 

FIG. 6 shows the structure of pMON32614. 

10 FIG. 7 shows the structure of pMON25457. 

FIG. 8 shows the structure of pMON30053. 

FIG. 9 shows the structure of pMON30052. 

15 

FIG. 10 shows the structure of pMON194S0. 

FIG. 10 shows the general protocol for transformation of immature embryos 
using the methods disclosed herein, d represents day, w represents week. 

20 

FIG. II shows the general protocol for transformation of suspension cells using 
the methods disclosed herein. 

4. DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 
25 4.1 Some Advantages of the Invention 

Those having skill in the art will appreciate the many advantages of the methods 
and compositions provided by the present invention. A few such advantages may be 
summarized as follows: 
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4.1.1 Achievement of Eflicienf Transformation Using Regular Binaiy Vector 

A regular binary vector pMON18365 was used with all the experiments in this 
invention. Efficient transfomation was achieved in most of the experiments. The fact 
suggested that super binary vector may not be necessaiy, whereas it has been shown to be 
essential for achieving high transformation of maize (Ishida et al., 1996). 

4.1.2 Transformation Using Different Types of Explants 

Different types of explants. immature embryos, embryogenic callus and 
suspension cells, were used as explants for Agrobacierium infection in diis invention. 
Stable transformants (colonies from die suspension cells and plants from the embryos and 
embryogenic callus) were generated from all of them, which made this invention superior 
to other published transformation systems via Agrobacierium, such as the system on 
maize (Ishida et al., 1996) in which only freshly isolated immature embryos could be 
used to produce transgenic plants. * 

4.1.3 Efficient and Rapid Production of Stable Transformants 

A high efficient GUS gene expression was observed among the exphmts shortly 
after the Agrobacierium infection as iUustrated in Tables 4 and 7. In the case the 
suspension cells were inoculated, approximately 200 stable transformants (colonies) 
could be recovered from 1 ml of the cells after 40-60 d selection on a medium containing 
a selective agent, such as G418. Transformed plantiets could be developed from infected 
immature embryos and callus pieces on a G418-containing medium a few weeks after 
inoculatioa It took only approximately 3 months from the Agrobacierium infection to 
plants in soil. Among the experiments which generated Uansgenic plants, the stable 
transformation efficiency ranged from 0.3 to 4.3% (number of transgenic events/number 
of explants inoculated) (Table 5). which was comparable or higher tiian published ones 
using other transformation systems (Vasil et al., 1992, 1993; Weeks et al., 1993; Nehra el 
al., 1994; Becker ./ al., 1994; Zhou el al., 1995). The transgenic plants had normal 
morphology and completely fertile. 
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4.1.4 Mendelian Segregation of the Transgene in the Progeny 
The transgene expression has been studied in the progeny (R, generation) of 4 

primary transformed plants bom 2 events. The GUS activity was observed in 
5 approximately Va of the individual (seeds and plants) of R, generation (Table 6) which 
indicated that the gene was transmitted to the progeny in a Mendelian fashion. No 
abnormalities were observed among the plants. 

4.1 .5 Production of Regenerable Transgenic Plants 

A total of 9 events have been identified firom S studies (7 different treatments) 
(TABLE 3). Southern analysis has been performed on 5 plants from 3 of the events from 
ExpAG2 and AG 13. The results indicated that all 5 plants had the transgenes integrated 
into the genome. Plants from 6 other events (from ExpAG22, AG25 and AG30) were 
identified by the GUS histochemical assay and they are either in soil or in Sundae cups. 
All of them had very high to moderate GUS activity. The transformation efficiencies 
from 2 studies were 2.7 and 2. 1 %, respectively. 

All events were generated from inoculated embryogcnic callus tissue or pre- 
cultured immature embryos(IEs) (TABLE 4). The inoculation methods and conditions 
also varied among the studies. The results have indicated that Agrobacterium-medidied 
wheat transformation is repeatable and embryogenic callus tissue and pre-culturcd lEs are 
suitable explants for Agrobacterium infection. 

4.1.6 The 3:1 Segregation Of GUS Activity In The Progeny 
Ri plants from 3 transgenic plants from ExpAG13 (TABLE 3) have been 

25 produced by germinating the R| immature embryos in vitro. Plants were moved to soil, 
and GUS activity was in the Ri progeny, the immature seeds with the embryos removed 
were cut to two halves longitudinally and used for the GUS histochemical assay, 
Scutellum tissue was also taken for the GUS assay from some of the germinating 
embryos. The maternal tissue, pericarp, of each seed was GUS-positive as expected. 
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However, the aleurone layer of the seeds and scutellum tissue of the embryos segregated 
to GUS-positive or GUS-negative. The ratio of GUS-positivc to GUS-negative plants 
was not significantly .diflfercnt from 3:1 by x2 test (TABLE 2), indicating that the 
transgene was most probably inserted into a single locus. 

5 

TABLE 3 

Transgenic Events Generated by Agrobacteritim-MediBted Transformation 



Exp-Trt 


Explant 


# Pieces 


Inoculation (%)' 


# Event 
(plant)' 


TE 


AG2-05 


3-w callus 


73 (large) 


3 h, vacuum infiltration 


2(2) 


2.7 


AG13-03 


2-w callus 


47 (large) 


vacuum inoculation 


1(3) 


2.1 


AG22-05 


10-dcalliis 


239 (small) 


3 h, soaking 




NA 


AG22-06 


2S-d callus 


308 (small) 


3 h, soaking 




NA 


AG25-24 


6-d lEs 


40 


3 h, soaking 




NA 


AG30-02 


3-d'lEs 


98 


3 h, soaking 




NA 


AG30-05 


3-d lEs 


104 


3 h, soaking 


2 


NA 
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TABLE 4 

GUS Activity in Aleurone Layer or Scutellum in Progeny Seeds of Plants 



Ro Plant 


R, Seeds 


#GUS- 


#GUS- 


cbl square 




Assayed 


positive 


negative 


%'alue' 






Seeds 


Seeds 




AG13-03-02-01 


31 


22 


9 


0.27 


AGl 3-03-02-02 


28 


22 


6 


0.19 


AGl 3-03-02-03 


124 


96 


28 


0.387 



' This value was calculated based on the hypothesis of 3:1 segregation. The critical value 
at a=0.05 and df=l was 3.84, larger than anyone of the chi square values in the table. 
Therefore, all the segregation ratios were not significantly different from hypothesized 
3:1. 



4.1.7 Methods Comprising EPA- and FDA-Approved Selectable Markers 

While many of the disclosed methods for related grains have relied on 
hygromycin phosphotransferase (HPT) as the selectable marker, the present invention 
overcomes this limitation by using nptll as the selectable marker. 

The nprll gene (which encodes neomycin phosphotransferase) is the most widely- 
accepted selectable marker in the art, and it has been approved by the Environmental 
Protection Agency as a pesticidal inert. Likewise, its approval by the Food and Drug 
Administration as an indirect food additive makes such a marker superior to the use of 
markers such as hygromycin, which have not been similarly approved by these agencies. 

4.2 Differences from Systems Developed for Rice and Maize 

The present invention differs considerably from methods described recently in 
other cereal grains. Unlike previous methods used for the transformation of rice, the 
present methods do not require high osmotic treatment for inoculation. Likewise, the 
present invention differs from the methods described for transformation of maize in that it 
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is not limited to using only freshly-isolated immature embryos as explants. The present 
invention also works well for pre-cultured immature embiyos or callus tissue, and is not 
limited to freshly-isolated embryonic tissue. 

Another important distinction from previous work is that the methods of the 
present invention are applicable using standard binaiy plasmids which are well-known in 
the art, and do not rely on the construction and use of "super" binary plasmids as 
disclosed in earlier reports. TTie binary plasmid is the most common type used for most 
dicotyledonous plant transfonnation methods, and are readily available to those of skill in 
the art for use in the methods disclosed herein. 



The following examples are included to demonstrate preferred embodiments of 
the invention. It should be appreciated by those of skill in the art that the techniques 
disclosed in the examples which follow represent techniques discovered by the inventor 
to function well in tiie practice of the invention, and thus can be considered to constitute 
preferred modes for its practice. However, those of skill in tiie art should, in light of the 
present disclosure, appreciate that many changes can be made in the specific 
embodiments which are disclosed and still obtain a like or similar result without 
departing from the spirit and scope of the invention. 

S. EXAMPLES 

5.1 Example 1 — Transformation Using Immature Embryos 
5.1.1 Explant Preparation 

A spring vAeat Triticum aestivum cv. Bobwhite was used throughout this study. 
Stock plants were grown in an environmentally controlled growth chamber with 16-h 
photoperiod at 800 Mmol m"V' provided by high-intensity discharge (HID) Sylvania lights 
(GTE Products Corp., Manchester, NH). The day/night temperatures were 18/16°C. 
Immature caryopses were collected from the plants 14-d after anthesis. Immature embryos 
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(lEs) were dissected aseptically and cultured on one of the following pre-culture media 
before inoculation: 1) semisolid callus induction medium CM4 or CM4C (TABLE 5) for 1- 
6 d; 2) liquid CM4C supplemented with 0.25 M raffinose and mannitoK respectively, for 1 
d; 3) liquid CM4 medium with 1/10 strength of the MS salts and supplemented with 10 g/1 
5 glucose, 3.9 g/1 MES for 1 to 3 h. All the cultures were conducted at the temperature of 
23-25''C. 
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TABLES 



Supplemental Components in Basic Media 



Components 


CM4 


CM4C 


MMS.2C 


MMSOC 


Msiwsivr 


MS2WCNr 


2.4-D (mg/I) 


0.5 


0.5 


0.2 





1.0 


2.0 


Pichloram (mg/I)^ 


2.2 


2.2 










Maltose (g/I) 


40 


40 


40 


40 






Sucrose (g/1) 




mm 






20 


20 


Glutamine (g/1) 


0.5 


- 0.5 










Magnesium Chloride 


0.75 


0.75 






0.75 


0 75 
















Casein Hydrolysate 


0.1 


0.1 


— 




_^ 




(g/1) 














MES (eA) 




1 Q^s 




l.y3 






Ascorbic'Acid (mg/lf 




' 100 


100 


100 






I-Asparagine (g/I) 










0.15 


0.15 


Thiamine HCl (mg/I) 










0.5 


0.5 


Gelling agent (g/lf 


2(P) 


2(P) 


2(G) 


2(G) 




2(P) 



^ All media contain basal salts (MS basal salts) and vitamins (MS vitamins) from Murashige 
and Skoog (1962) medium unless mentioned specifically. The pH in each medium was 
adjusted to 5.8 

^Filter-sterilized and were added to the medium after autoclaving. 

^Phytagcl™ (P) or Gelritc® (G). 

*No MS vitamins were present in the medium. 

5.1.2 Agrobacterium Culture 

Disarmed Agrobacterium tumefaciens strain C58 (ABI) harboring binaiy vector 
pMONl 8365 (FIG. I) were used for all the studies. pMON18365 contains the GUS(i/WA) 
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gene with an intron and nptU gene as a selectable marker inside the T-DNA (transfer DNA) 
region. Both genes were under control of an enhanced CaMV 35S promoter. Cultures of 
Agrobacterium were initiated from glycerol stocks and grown overnight at 25-26®C on a 
rotary shaker (150 rpm) in liquid LB medium (Miller, 1972) containing 50 mg/1 each of 
5 kanamycin» streptomycin and spectinomycin, 25 mg/I diloramphenicol and 200 (iM 
acctosyringone, to mid log phase (OD^ = 1-1,5). Agrobacterium cells were collected by 
ccntrifugation and resuspcnded in an inoculation medium, CM4 or CM4C (TABLE 9) with 
1/10 strength of the MS salts and supplemented with 10 g/1 glucose and 200 fiM 
acctosyringone. Tht Agrobacterium cell density was adjusted to OD^ 2 for inoculation. 

10 

5.U Inoculation And Co-Cultivation 

The lEs temporarily maintained in the liquid pre-culture medium 3 were transferred 
into Agrobacterium cell suspension in petri dishes (25 x 100 mm). The ratio between 
Agrobacterium and IBs is about 30 ml: 200 IBs. A surfactant, Silwet® (Monsanto, St. 

15 Louis, MO), was added to the inoculation medium with a concentration of 0.01-0.075%. 
The inoculation was performed at 23-25**C for 3 h in dark. After inoculation, the 
Agrobacterium was removed by vacuum or using a transfer pipette, and the lEs were placed 
on the co-culture medium, CM4 or CM4C wdth 1/10 strength of the MS salts and 1.5 mg/1 
extra 2,4-D and supplemented wdth 10 g/1 glucose and 200 ^M acctosyringone. The 

20 embryos were placed with scutellum-side up and were co-cultured with Agrobacterium for 
2-3 d at 2S^C in the dark. The Pre-cultured immature embryos (cultured on medium 1 to 6 
d) were inoculated with Agrobacterium with one of the following methods: 1) Immersing in 
the Agrobacterium cell suspension for 1-3 h. 2) The lEs vrere immersed in the 
Agrobacterium cell suspension in Petri dishes or cell culture clusters, which were then 

25 placed in a dessicator and vacuumed for 3 h using an in-house vacuum system. Silwet® at 
0.01% was added to the inoculation medium in some of the studies. After inoculation, the 
immature embryos were blotted on sterile filter papers and then transferred to one of the 
following media for co-cultivation: 1) semisolid CM4 or CM4C medium (TABLE 5) 
supplemented with 10 g/1 glucose and 200 nM of acctosyringone; 2) liquid or semisolid 
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CM4C medium with 1/10 strength of the MS salts and supplemented with 10 g/1 glucose 
and 200 jiM of acetosyringone. A filter paper (Whatman No. 1) was layered on the 
medium in some of the studies; 3) liquid CM4 or CM4C with 1/10 strength of the MS salts 
and 3.9 g/1 MES and supplemented with 10 g/1 glucose and 200 \xtA of acetosyxingone. The 
5 immature embryos were placed on the medium or on the filter paper with scutellum-side up. 
To culture the embryos in a liquid medium, each culture plate was prepared by adding 8 ml 
of the liquid medium to a Petri dish (IS mm x 100 mm) containing 6 pieces of Whatman 
Nol filter paper (8.5 cm). The explants were co-cultured with Agrobacterium at 24*C in 
the dark for 2 to 3 d After co-culture, the immature embryos were rinsed with liquid CM4' 
10 or CM4C medium supplemented with 500 mg/1 carbenicillin (delay medium). The infected 
immature embryos were cultured on the solid delay medium for 2-5 d. The general protocol 
for these transformation methods is given in FIG. 6. 

5.1.4 EOiciency of T-DNA Delivery 

"15 The efficiency of T-DNA delivery was measured by transient GUS expression assay 

after 2-3 d delay of selection. High levels of transient GUS expression were observed for 
most of studies, indicating that the T-DNA delivery was very efficient. The effect of 
Silwet® on the T-DNA delivery when included in the inoculation medium was extensively 
investigated on various explants. As shovm in TABLE 6, Silwet® at 0.05-0.1% 

20 significantly enhanced the transient GUS expression on the freshly isolated lEs. Similar 
results were also observed using pre-ciiltured lEs and embryogenic callus as explant for 
inoculation. For the immature embryos pre-cultured for 1 or 2 d, the GUS spots were 
located mostly along the edge of the scutellum from which less embryogenic callus 
developed from. The GUS spots, however, were found in the callusing areas on the 

25 embryos pre-cultured 3 d or longer. 
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TABLE 6 



Effect of Surfactant on GUS Expression When Present in Inoculation Medium' 


Silwet (%) 


GUS-positive 


No. of explants w/GUS-positive spots/total 




spots/explant 


explant (%) 


0 on 


7 ft 
/.o 


1 1/34 (32) 


0.01 


17.6 


15/19(79) 


0.05 


149 


13/13(100) 


0.1 


111 


8/8 (100) 


0.5 


1 


1/1 (100) 



* The explants were lEs isolated a few of hours before inoculation. 

5 

5.1.5 Selection And Plant Regeneration 

After 2 to 5 d on the delay medium, the Agrobacterium-wfcctcd immature embiyos 
were transferred to the callus induction medium, CM4 or CM4C (TABLE 5) medium with 
25 mg/I G418 and 250 mg/1 caibcnicillin. The immature embryos were cultured for 2 to 3 

10 weeks for callus induction before being transferred to the first regeneration medium, 
MMS.2C (TABLE 5) with 25 mg/1 G418 and 250 mg/1 carbenicillin. At transfer to the 
regeneration medium, each piece of callus was divided into several small pieces (--2 mm). 
Two weeks after the cultures on the first regeneration medium, young shoots and live callus 
tissue were transferred to the second regeneration medium, MMSOC (TABLE 5) with the 

15 same concentrations of G418 and carbenicillin, Plantlets, which were confirmed later true 
transformants, grew vigorously and formed strong root systems in this medium. However, 
there were some plantlets showing some resistance to G418 at this stage. They could grow 
well and form one or a few of roots, although they did not grow as vigorously as the true 
transfomiants. When the plants were about 3 cm or longer, they were transferred to Sundae 

20 cups (Sweetheart Cup Company, Chicago, IL) containing the second regeneration medium 
as above for ftirther growth and selection. Leaf samples were taken from some of the 
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plantlets for the GUS histochemical assay at this stage. However, the plantlets, which 
appeared resistant and showed no GUS activity at this stage, were not eliminated. During 
growth in the cups, most of the non-transfomiants died or showed signs of susceptibility to 
G418. The plants highly resistant to G418 (growing vigorously with strong root system) 
5 were moved to soil before they reached the top of the cups. All the plants originated from 
the same embryo were considered as siblings from the same event 

5.1.6 Confirmation Of The Transgenic Nature Of The Plants 

The plants were grown in a environmentally controlled growth chamber under the ' 
10 same growth conditions as described above. Since it took only approximately 3 months 
from inoculation to transferring most of the plants to soil, no visible abnormalities, which 
are usually associated with plants having prolonged in vitro culture period, were observed 
among the plants. The plants were completely fertile. Each plant was examined by one or 
more of the following methods: i 

15 (1) The GUS histochemical assay (Jefferson, 1987) using different parts of the 

plants. 

(2) Biological assay Geaf bleach assay). Before heading, leaf samples (-5-7 
mm long) were taken from the youngest fidly expanded leaves and were placed in wells of 
24-well cell culture clusters (Costar Corporation, Cambridge, MA). Each well was filled 

20 with 0.5 ml water solution composed of 300 mg/1 paromomycin (Sigma) and 100 mg/1 
Benlate (a fungicide made by Du Pont) or 100 mg/1 Benlate alone. Three leaf samples from 
the same leaf of each plants were placed in 2 wells containing paromomycui and Benlate 
and 1 well containing Benlate alone, respectively. Leaf samples from the non-transformed 
Bobwhite plants were used as negative controls. The samples were vacuum-infiltrated in a 

25 dessicator using an in-housc vacuum system for 5 min and then the cluster were sealed very 
well with Parafibn** before being placed under light (140 \xmo\ m%'\ The results were 
determined 60 h later. The leaf samples which were highly resistant to paromomycin 
remained green in most area except the two edges (<1 mm wide), which indicated that the 
plants had the functional /ip/II gene. The leaf samples from the plants without the gene or 
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with the non-functional gene were bleached out completely by paromomycin as the 
negative controls, or had only small patches of green areas. 

(3) Southern hybridization analysis (Southern, 1975). Genomic DNA were 
isolated from leaf tissue of the plants following the method of Shure et al (1983). Fifteen 
5 ng of genomic DNA was digested with restriction endonuclease BamO. and fractionated on 
a 0.8% agarose gel. The DNA was transferred to Hybond N membranes (Amersham, 
Arlington Heights, IL) according to standard procedures (Sambrook et al., 1989). The 
probe for detecting the nptll gene was prqjared by gel purifying a 977 bp Ncol fragment 
from plasmid pMON18365 (FIG. 1). The fragment was labeled with ^^P dCTP using 
10 random primer labeling kit (Prime-It II* from Stratagcne®, La JoUa. CA). to a specific 
activity of 2.6 x 1 cpm/jig. The membrane was hybridized for 14 h at 42^C in a solution 
containing 50% formamide. 5x SSC. 5x Denhaidt's, 0.5% SDS, 100 ng/ml tRNA. Hie 
condition of the final wash was 0.1% SSC and 0.1% SDS at 60X for 15 min. 

15 5.1.7 Efficiency Of Stable Transformation 

The number of the transgenic events in each study was determined after the plants 
were assayed as described above. The transformation efficiency (number of events/ number 
of immature embryos) varied from study to study and among different treatment conditions 
that generated transgenic plants (TABLE 7). However, they were comparable with or 
20 higher than any published wheat transformation efficiencies (Vasil et ai, 1992, 1993; 
Weeks era/., 1993;Nehrae/a/.. 1994; Becker era/., 1994; Zhou era/., 1995). 
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TABLET 



Stable Transformation Efliciencies in the Production of Transgenic Wheat 


bxpenment- 


Explant 


Number of IBs 


Number of 


Efficiency 


Treatment 




or callus pieces 
(A) 


tnuisgenic 
events (B)' 


(B/A%) 


AG2-05 


2I-d callus, intact 


73 




2.7 


AG13 


14-d callus, intact 


A7 




2.1 


AG22.05 


1 0-d callus mm 






0.4 


AG22-06 


25k1 callus '^2 mm 






0.3 


AG22-1 1 


10-d callui! ~9 mm 






0.4 


AG25-24 


6-d lEs 


Af\ 
ar 1 




2.5 


AG27-15 


1-d lEs 






4.3 


AG29-04 


5-d lEs 






1.0 


AG30-02 


3-d lEs 


QQ 




1.0 


AG30-05 


3-d lEs 


1 fiA 
1 W 




1.9 


AG30-08 


3-d lEs 


Jo 




2.8 


9528 


0-d lEs 


lOU 




0.6 


9531 


17-d callus intact 






2.0 


9602 


0-d IRs 


OCA 




1.2 


9604 


0-dIEs 


700 




0.14 


9608 


0-d lEs 


124 




0.8 


9609 


0-d IBs 


140 


2 


1.4 


9614 


0-d IBs 


38 


1 


2.6 


9620 


1 5-d callus, intact 


110 


3 


2.7 



Each transgenic event had one or more plants. 
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S.L8 Progeny Analysis Of The Transgenic Plants 

Immature caryopses were harvested from the primary transgenic plants (Ro 
generation) with both np/II and GUS activities approximately 20 days after anthesis. The 
immature embryos were isolated and cultured on MMSOC medium (TABLE 5) for plant 
5 germination (approximately 1 week in Petri dishes and another week in Sundae cups with 
the same medium). Each of the immature caryopses with the embiyos removed was cut to 
two halves longitudinally and moved to a well in 96-weIl cell culture clusters (Costar Corp,. 
Cambridge, MA) for the GUS histochanical assay as described above. AJl the half 
caryopses were examined under microscope to detcnnine the GUS activity in different 
10 areas. Part of the scutellum tissue was also taken from each gemiinating embiyo for the 
GUS assay. After the plants (Rj generation) were moved to soil approximately 2 weeks 
after germination, the GUS activities in the plants were determined by the GUS 
histochemical assay using leaf and flower tissues, respectively. 

As expected, the rnatemal tissue, pericarp, of each immature caryopses showed 
15 GUS activity. However, in the aleurone layer most of the caryopses showed GUS activity, 
others not. The ratio of caryopses v/ith GUS positive aleurone layer to ones with GUS 
negative aleurone layer was not significantly different from 3:1 by chi square test (TABLE 
8). The data from the GUS assay on the caryopses matched well with the data on scutellum 
tissue and later with the GUS assay on leaf and flower tissue, although the GUS activity in 
20 aleurone layer and scutellum appeared much stronger than in leaf and flower tissues. 
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TABLES 



Segregation of GUS Activity in R, Seeds and Plants 


Ro plants 


NiunberofRl 


Number of 


Number of 


chi square 




seeds (plants) 


GUS-positive 


GUS-negative 


value ' 




assayed 








16612 


31 


22 


9 


0.27 


16613 


28 


22 


6 


0.19 


16614 


124 


96 


28 


0.387 


169h 


128 


103 


25 


2.04 



* This value was calculated based on the hypothesis of 3: 1 segregation. The critical value 
5 at a=0.05 and df=l was 3.84, larger than any one of the chi square values in the table. 
Therefore, all the segregation ratios were not significantly different from hypothesized 
3:1. 

5.2 Example 2 — Transformation Using Embryogenic Callus 

10 5.2.1 Explant Preparation 

Inunaturc embryos of wheat (Triticum aestivum L.) cv Bobwhite were isolated from 
the immature caryopsis 14 days after anthesis and cultured on callus induction medium 
CM4 or CM4C (TABLE 9) with scutellum-side up. After 10 days or longer, immature 
embryos developed into embryogenic callus. Each callus piece was approximately S mm or 

15 bigger. Hie callus pieces were inoculated with Agrobacterium without being broken down 
(intact), or only the most embryogenic callus sections were selected and broken down into 
small pieces (^2 mm) using fine-pointed forceps for inoctilation. 

5.2.2 Inoculatioa And Co-Cultivation 

20 Callus pieces were inoculated with the Agrobacterium cell suspension prepared as 

described above, using one of the following methods: 

1 ) Inunersing the callus pieces in the Agrobacterium cell suspension for 3 h. 

2) Immersing the callus pieces in the Agrobacierium cell suspension with 
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vacuum infiltration for 3 h. 

3) Intact callus pieces were placed on a piece of sterile filter paper saturated 
with the liquid inoculation medium. The callus pieces were inoculated as they were, or 
were pressed before inoculation usbg a sterile spatula until the callus pieces became 
5 "pancakes". Each piece of the filter paper holding the callus pieces was transferred to a 
150-ml filter system (Coming, Inc., Coming, NY) connected to an in-house vacuum 
system, or to a Buchner fiinnel coimected to the vacuum system through a filter flask. With 
the vacuum system on, the Agrobacteriim cell suspension was dropped onto the callus 
pieces (>1 ml over 6 callus pieces) slowly. After dropping the Agrobacterium suspension 
10 cells, vacuum was applied for another 10 min. The callus pieces inoculated with any one of 
the methods were transferred to Petri dishes (100 x 15 mm) each containing 6 pieces of 
Whatman filter paper (No. 1, 8.5 cm) saturated with 8 ml of the co-cultivation medium 
(CM4 or CM4C with 1/10 strength of the MS salts and supplemented with 10 g/1 glucose 
and 200 \M acetosyringone). The plates were sealed well with Parafilm®. After co-culture 
15 with the Agrobacterium cells for 3 days, the callus pieces were washed with the liquid delay 
medium (CM4 or CM4C supplemented with 500 mg/1 carbenicillin) and blotted on pieces 
of sterile filter paper to remove excess liquid. The callus pieces were cultured on the 
semisolid delay medium for 3 days before being transferred to the selective callus induction 
medium. 

20 

S.2.3 Efficiency Of T-DN A Delivety 

After co-culture with Agrobacterium or delay stage, samples of the callus pieces 
were randomly taken for the GUS histochemical assay (Jefferson, 1987). As shown in 
TABLE 1 1, most callus pieces assayed had GUS positive spots. In some studies (such as 
25 experiment AG 1 3), evety piece of callus assayed had GUS positive spots. The number of 
GUS positive spots in each piece of callus varied fi-om a few of to approximately 100. In 
experiment AG 13, another GUS histochemical assay was carried out two weeks after 
inoculation. All of the 16 pieces of callus assayed had some GUS positive spots and among 
them 7 pieces (44%) had groAving GUS positive sectors, which suggested that transformed 
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cells were proliferating. 



TABLE 9 

Efficiency of T-DNA Delivery as Indicated by GUS Histochemical Assay on Callus 

Pieces After Co-Culture 



Exp- 


Explant 


Number of lEs w/ 


Number of spots on 


Treatment 




GUS-positive spots 


each (lIJS«nnciHv#k TP 






(Total number of lEs 






*• 


assayed) 




AG2-5 


21-d callus, intact 


1/19 


1-5 


AG13 


1 4-d callus; intact 


25/25 


several - -50 


AG22-5 


10-d callus, -2 mm 


6/15 


several 


AG22-6 


25-d callus, -2 mm 


7/10 


a few - --100 


AG22-1 1 


10-d callus, --2 mm 


12/20 


a few- dozen 



S.2.4 Selection And Plant Regeneration 

The callus pieces, which were intact during inoculation, were cultured on the 
selective callus induction medium (CM4C supplemented with 25 mg/1 G418 and 250 mg/1 
10 carbenicillin) as they were, or were broken dovm to several small pieces (--2 mm) at transfer 
to the medium. The inoculated small callus pieces were left intact and cultured on the 
medium. After 2 to 3 weeks, callus pieces were transferred to the regeneration medium. 
The regeneration procedure was the same as described in Example I . 

15 S.2.5 Transformation Efficiency 

The regenerated plants showed no visible abnormalities and were completely fertile. 
All the plants were tested with the biological assay, GUS histochemical assay and/or 
Southern hybridization assay as described in Example 1. A total of 10 transgenic events 
have been generated from 7 experimental treatments using embryogenic callus at different 
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ages (TABLE 9). The transfonnation efficiency (number of events/number of the callus 
pieces) ranged from 0.3 to 2.7%. 

5.2.6 Progeny Analysis Of The Transgenic Plants 

The Rl plants were analyzed as described in Example 1 . 

S3 Example 3 - Transformation of Suspension Cells 
53.1 Explant Preparation 

Wheat V. Mustang suspension cells were cultured in liquid MSI WSM (TABLE 9) 
at in the dark on a rotary shaker (250 ipm). Cells harvested after 3 d subculture were 
used for inoculation with Agrobacterium, The general protocol for transformation of 
suspension cells is given in FIG. 7. 

5J.2 Agrobacterium Culture and T-DNA Delivery 

The Agrobacterium culture method was essentially the same as described in 
Example 1. The Agrobacterium cell density was adjusted to OD^ 0.5-1 in inoculation 
medium (CM4 medium with 1/10 strength of the MS salts and 3.9 g/1 MES and 
supplemented with 10 g/1 glucose and 200 ^M acetosyringone. Liquid medium was 
removed from the wheat suspension culture by vacuum. Each ml of the wheat cells was 
mbced with 3 ml of the Agrobacterium cell suspension petri dishes (100 x 25 mm). The 
inoculation was performed at 23-25*C for 30 min to 4 h. After inoculation, 
Agrobacterium-mftc\^ wheat cells were placed on a piece of sterile Whatman filter paper 
in petri dishes (100 x 15 mm). The filter paper was wetted with the liquid medium as 
described above. The co-culture plates were placed in the dark at 23-25*»C for 2 to 3 d. 

5.3 J Recovery of Transformed Colonies 

After co-culture, the inoculated cells were transferred into liquid MS2WCM 
(TABLE 9) with 500 mg/1 carbenicillin and cultured in flasks for 1 d with gentle agitation, 
and then plated on a piece of filter paper on the solid MS2WCM medium supplemented 
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10 



with cither 25 mg/1 G418 or 50 mgA paromomycin and 250 mg/1 carbenicilHn for selection. 
Resistant colonies could be recovered after 40 to 60 d selection. The transformation was 
highly efficient based on the number of transfonncd colonies recovered. Routinely 
approximately 200 independentiy transformed colonies were recovered fiom I ml of 
5 inoculated cells. 

5 J.4 Factors Innuencing Transformation Efficienqr 

Three factors involved in inoculation and co-culture processes were found to 
significantly influence the transforihation efficiency of suspension cells. The factors were 
inoculation and co-culturc temperatures, inoculation and co-culture time period, and 
Agrobacterium cell density for iiioculation. As shown in TABLE 10, the best inoculation 
and co-culture temperature is 23 to 25 C, and the transformation efficiency is significantly 
reduced at temperature 19°C or 28°C. The best inoculation time period was 30 min 
(TABLE 1 1), and high transformation efficiency could be achiieved with 2 or 3 d co-culture. 
15 The co-culture time period of I d or shorter significantiy reduced the transformation 
efficiency. The best Agrobacterium cell density for inoculation was OD«o 0.5 (TABLE 
12). Agrobacterium density higher or lower than that reduced the transformation efficiency. 

TABLE 10 

20 Effect of Temperature During Inoculation and Co-Cultivation on Stable 

Transformation of Suspension Cells 



Temperatures 


Number of GUS-positive colonies/ml cell 


CC) 


inoculated 


19 


52.5 ± 19.36 


23 


290 ±70.83 


25 


273 ± 65.43 


28 


132.5 ± 22.6 
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TABLE 11 

Effect of Inoculation and Co-Culture Time on Suspension Cell Transformation 

Stale Duration (h) Number of GUS-positive colonies/ml cells 

inoculated 



Inoculation 



0.5 351.25 ±29.23 

1 178.5 ±23.1 

2 'i86.75± 23.10 

3 202 ±51.37 

4 152.25 ±29.68 
14 4 ±0.82 



Co-culture 



24 
48 
72 



53 ±4.24 
232.5 ± 26.29 
258.5 ± 15.26 



TABLE 12 

Effect of Agrobacterium Cell Density on Transformation of Suspension CeUs 



Agrobacterium cell density 
(OD«o) 


Number of GUS-positive colonies/ml 
of cells 


0.10 


79 ±4.97 


0.25 


174 ±53.67 


0.50 


260.25 ±45.33 


1.00 


172 ±51.04 


2.00 


159 ±70.06 
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53.5 Confirmation of Transformed Colonies 

The transfonnation was coniinned by hislochemical GUS assay as described. 
Samples from 5 1 G4 1 8 resistant colomes were assayed for GUS activity. Forty nine out of 
5 1 colonies showed GUS positive. Among them, fifteen were sampled for Southern blot 
5 analysis. All the samples showed a strong hybridization signal to the nptll probe. These 
results may suggest that the co-expression frequency was close to 1 00%. 

5 A Example 4— Transformation of Suspension Cells 
5.4.1 Agrobacterium Constructs 

Plant transfonnation vectors similar to those derived from a Ti plasmid of 
Agrobacterium tumefaciens, such as those disclosed by Herrera-Estrella et al (1983), 
Bevan et al (1983), Klee et ai (1985) and EPO publication 120,516 (Schilperoort etal) 
were constructed for use in wheat. The Agrobacterium binary vector for wheat, 
pMONl 8364 (FIG. 2), was constructed by the removal of the P-nos/npdynos 3' from 
pMON18342 (FIG. 3), by digesting pMON18342 with Natl and HindUl restriction 
enzymes to completion and isolation of the 5.7 kb fragment This resulting 5.7 kb vector 
backbone fragment contains the ori-322 replication origin for replication in £. coli and die 
ori-V region for replication in Agrobacterium, bacterial resistance markers for 
spectinomycin and streptomycin selection. The P-e35S/hsp70 intron/kan/nos 3' chimeric 
fragment was isolated from pMON19476 (nO. 4) by digesting to completion witii Not\ and 
HindOl restriction enzymes and gel isolation of the resulting 2.7 kilobase (kb) insert. 
pMONl 8364 the binary vector was constructed by ligation of die 2.7 kb Noth HindOl P- 
e35S/hsp70 intron/kan/nos 3' fragment and the Afo/I, HindlW 5.7 kb vector backbone 
fragment using T4 DNA ligase. Ligation products were transformed into Novablue cells 
and selected for spectinomycin resistance. Transformed colonies from this unidirectional 
cloning were grown in liquid culture and DNA was analyzed for the presence of the P- 
e35S/kan/nos 3' chimeric gene by restriction digestion with HindlW, and £coRV. For 
reporter gene constructs, the Agrobacterium binary vector containing die P-glucoronidase 
(GUS) gene was constructed by digesting pMONl 8361 (FIG. 5) witii HindiW and isolation 
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of the 3.8 kb fragment containing the P-e35S/hsp70 intron/GUS/nos 3' chimeric fragment 
and ligation of this fragment to Hindlll digested pMONl 8364. Analysis of the resulting 
transformed colonies was pcrfonned with Hindlll and orientation was verified with 5gIII, 
and Xbal digestions. The resulting construct is pMON 1 836S (FIG. 6): RI}>P-e3SS/hsp70 
5 intron/GUS:ST-LS I intron/nos 3'; P-e35S/HSP70 intron/npfll/nos >LB, where LB and RB 
are left and right Agrobacterium Ti plasmid transfer borders, respectively. 

Other genes may be introduced in wheat; for example, wheat streak mosaic virus 
(WSMV) coat protein and Barley Yellow Dwarf Virus (BYVD) replicase conferring 
resistance to plant viruses. A suitable plant expression vector is pMON18365 or 
10 derivatives of similar binaiy vectors. A gene encoding the coat protein (CP) from 
WSMV may similarly be inserted into pMONl 8364 or pMONl 8365 using standard 
techniques. The recombinant vector containing the WSMV CP gene when transferred 
into wheat pl5Uits by the Agrobacterium mediated transformation method would be 
expected to confer resistance to the wheat plants from infection by WSMV. Similarly, a ^ 
15 gene encoding the BYVD full-length replicase gene may be introduced into the same or 
similar Agrobacterium vector cassettes. The recombinant vector containing the BYDV 
full-length replicase gene when transferred into wheat plants by an Agrobacterium 
mediated transformation method would be expected to confer resistance to the wheat 
plants from infection by BYDV. 
20 Genes encoding fungal resistance may also be introduced into Agrobacterium 

binary vectors such as pMON 18364 and pMON32614 (FIG. 6). Antifungal protein genes 
such as those encoding Alfalfa otAlyssum antifungal proteins inserted into pMON18364 
or pMONl 8365 as described above would allow engineering for fungal resistance into 
wheat by Agrobacterium mediated transformation for the production of transgenic plants. 
25 The resulting plants would be expected to exhibit resistance to Fusarium or other fungal 
or bacterial pathogens. 

Genes that affect quality traits involved in carbohydrate quantity and composition 
in the kernel such as ADP glucose pyrophosphorylase (ADPGPP) expressed under the 
control of a kernel enhanced promoter or other tissue enhanced promoters could be 
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inserted into a binary vector such as pMONl 8365 or derivatives. 
Agrobacterium-medated transformation of wheat plants with this gene are expected to 
confer changes in the amount or quality of carbohydrates in the kernel or other tissues 
producing changes in the composition of matter. 
5 One may also insert genes aifecting traits in wheat such as tolerance to herbicides 

for herbicide resistance, tolerance to drought and high salinity, and tolerance to cold and 
' heat stresses. Genes increasing yield of wheat plants, genes used for male sterility for the 
production of hybrid wheat, and genes influencing germination could also be introduced 
into binary plant transformation vectors for Agrobacterium-mediaied transformation 
10 producing wheat plants expressing traits of the desired phenotype. Examples of plasmids 
useful for inserting genes include pMON25457 (FIG. 7), pMON30053 (FIG. 8), ' 
pMON30052 (FIG. 9), and pMON19450 (FIG. 10). 
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WHAT IS CLAIMED IS: 

1 . A fertile, transgenic wheat plant, the genome of which has been altered through 
the genomic introduction of a pre-selected genetic component, said component 
comprising an exogenous gene positioned under the control of one or more pie-selected 
genetic control elements, the plant prepared by a process comprising: 



(a) preparing a DNA composition in vitro, which composition includes tfie 
genrtic component one desires to introduce into the genome of a wheat 

10 plant; 

(b) introducing said DNA composition into recipient wheal cells by 
Agrobacterium transformation; 

(c) '■^generating wheat plants fiom said cells which have received said genetic 
component; and 

(d) identifying a fertile, ti-ansgenic wheat plant whose genome has been 
altered Uirough tiie stable introduction of said genetic component. 



2. The fertile, transgenic wheat plant of claim 1 wherein tfie genetic component of 
step (a) comprises a selectable or screenable gene. 



3. The fertile, transgenic wheat plant of claim 1, wherein said recipient cells 
comprise an immature embryo, a callus tissue, or suspension cells. 
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4. The fertile, transgenic wheat plant of claim 3, wherein said embryo is isolated 
ftom an immature caryopsis or isolated from an immature caryopsis and then precultured 
prior to inoculation. 

5. The fertile, transgenic wheat plant of claim 4, wherein said immature embryo is 
isolated fiom said immature caryopsis within from about 24 hours to about ten or more 
days prior to inoculation. 



6. The fertile, transgenic wheat plant of claim 3, wherein said callus tissue is isolated 
from an immature embryo or developed from cmbryogenic cells. 



7. TTie fertile, transgenic wheat plant of claim 3. wherein said immature embryo 
comprises an embryo 2 or more days after anthesis or said immature caryopsis comprises 
a caryopsis 2 or more days after anthesis. 



20 8. A fertUe. transgenic wheat plant, the genetic complement of which has been 
altered through the addition of a DNA composition comprising a preselected fiinctional 
genetic element that includes a transgene selected from the group consisting of an nptll 
gene, a bla gene, a npa gene, a dhfr gene, a aphW gene, a aacC3 gene, a aacC4 gene and 
a GUS gene, wherein said fimctional genetic elemem confers on said wheat plant a 
phenotypic trait that is not found in the parentage of said plant 

9. The fertile, transgenic wheat plant of claim 1 or claim 8 wherein said gene 
comprises an nptll gene. 
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10. The transgenic wheat plant of claim 1 or claim 8. wherein at least two exogenous 
genes are positioned on the same DNA segment, and said recipiem cells are tnmsfom^ed 
5 with said segment. 



1 1 . Progeny of the plant of claim 1 or 8. 

10 

12. Cells obtained from the plant of claim 1 or 8. 



15 



20 



25 



1 3. Seeds obtained from the plant of claim 11. 

1 4. A method for producing a fertile transgenic wheat plant, comprising the steps of: 

(a) establishing a regeneiable culture from a wheat plant to be transfomied; 

(b) introducing a DNA composition comprising a genetic component one 
desires to introduce into the genome of said wheat plant, by 
Agrobacterium transformation; 

(c) identifying or selecting a transformed cell line; and 



(d) 



regenerating a fertile transgenic wheat plant therefrom, wherein said DNA 
is transmitted through a complete sexual cycle of said transgenic plant to 
its progeny, wherein said progeny comprises a selectable or screenable 
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marker gene, and wherein said marker gene is chromosomally integrated. 

15. The method of claim 14. wherein at least two exogenous genes are positioned on 
5 the same DNA segment, and said «generable culture is transformed with said segment. 

. 16. The method of claim 14. wherein said ^^oW/m is^. tumefaciens C58. 



10 



17. The method of claim 14. wherein said culture comprises an immature embryo, a 
callus tissue, or suspension cells. 



15 18. A method for producing a transgenic wheat plant, comprising the steps of 
(a) establishing a culture from a wheat plant to be transformed; 



20 



25 



(b) transforming said culture with an Agrobacterium comprismg a DNA 
composition comprising a genetic component one desires to introduce into 
the genome of said wheat plant; 

(c) identifying or selecting a transformed cell line; and 

(d) regenerating a transgenic wheat plant theiefrom. 

19. The method of claim 14 or 18. wherein said DNA comprises an nptW gene. 
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20. The method of claim 1 8. wherein said A. Agrobacterium is A. (umefaciens C58. 
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